Objective: To systematically review and analyse experimental outcomes of studies exploring the impact of tinnitus upon cognitive function and their implications for clinical management of invasive tinnitus. Design: A systematic and descriptive review. Study sample: Eighteen studies were identified investigating the impact of tinnitus on cognitive function. Results: The 18 studies evaluated cognitive function using 24 different objective behavioural tests, nine electrophysiological recordings, one oculomotor test, and one self-report questionnaire. The studies spanned 18 years and revealed numerous interactions potentially contributing to the cognitive difficulties frequently reported by people with invasive tinnitus. The studies indicate a clear association between tinnitus and aspects of cognitive function, specifically the executive control of attention. Conclusions: Tinnitus impairs cognitive function by way of impact upon executive control of attention. Clinical management of patients reporting tinnitus and cognitive difficulties requires an understanding of the reciprocal relationship between tinnitus and cognitive function, with additive effects of anxiety, depression, and somatic cognitive bias. Further study is required to establish the impact of advancing age, hearing loss, anxiety, depression tinnitus duration, and distress upon cognitive function in people with invasive tinnitus.
Subjective tinnitus describes the perception of sound in the absence of external stimuli (Searchfield, 2014) . It may be experienced transiently as a spontaneous auditory perception, acutely resolving after a few minutes, up to several weeks, or it may become a chronic and debilitating symptom (Hall et al, 2011; Hoare et al, 2014) . Chronic tinnitus can be episodic or continual and is characterized by episodes of tinnitus experienced for five minutes or longer for at least three months (Hall et al, 2011) . In a recent study of the prevalence of tinnitus and the relationship with neuroticism approximately 16% of the 172,621 participants aged 40-69 years reported tinnitus, with 3.8% of those with tinnitus describing it as troublesome (McCormack et al, 2014) . The disparity between these two figures highlights the individual and heterogeneous nature of experiencing tinnitus.
Cognitive function encompasses the capacity for attention, concentration, use of working memory and information processing (Andersson & McKenna, 2006) . It is inextricably intertwined in the undertaking of a plethora of daily activities and experience of life through aspects such as thoughts, emotions, sensations, communication, perception, and reasoning (Andersson & McKenna, 2006) . Impaired cognitive function can have significant consequences for an individual's quality of life (Andersson, 2002; Westin et al, 2008 ). An association between tinnitus and reports of cognitive difficulties has long been noted, and increasingly, the reciprocal relationship between cognitive function to the experience of tinnitus, and the influence of tinnitus upon cognitive function is becoming apparent.
Contributions from the auditory cortex and non-auditory regions (Lanting et al, 2009 ) of the brain associated with attention and emotion to the perception of tinnitus and associated distress are being elucidated (Shulman et al, 1994; Rauschecker et al, 2010; Araneda et al, 2015) . No longer is tinnitus thought to arise solely from the peripheral auditory structures. Damage to structures within the cochlear as a result of insult from factors such as noise exposure or aging may initiate processes associated with the development of tinnitus. These processes include alteration to the synchrony and spontaneous firing rates along the auditory nerve, alterations to the release, binding, and uptake of neurotransmitters (Potashner et al, 1997) as well as the development of neural hyperactivity along the auditory brainstem (Vogler et al, 2011) and central auditory pathway (Mulders & Robertson, 2009 ). These alterations along the brainstem and midbrain are thought to be followed by neuroplastic reorganization within the auditory cortex and thalamus (Rauschecker et al, 2010) and accompanied by changes to both the structure and function of areas including the limbic and paralimbic areas, prefrontal cortex, hippocampus, and amygdala (Shulman et al, 1994; Rauschecker et al, 2010; Pace & Zhang, 2013) . Additionally, changes within the thalamus and inferior colliculus (Melcher et al, 2000; Rauschecker et al, 2010; Mahoney et al, 2011) may influence the impact of tinnitus upon cognitive function (Araneda et al, 2015) . Neuroanatomical changes associated with tinnitus may impair the efficiency of cognitive processing and negatively impact on both selective and divided attention through impact upon the executive control of attention (Araneda et al, 2015) . Similarly, alterations to structures associated with auditory attention (De Ridder et al, 2011) and efferent structures within the subcallosal region (Rauschecker et al, 2010) , may inhibit the central noise-cancelling pathways or inhibitory gating mechanisms and contribute to the awareness of the tinnitus percept (Rauschecker et al, 2010; De Ridder et al, 2014) . Such changes would contribute to a negative reciprocal relationship between perception of tinnitus and cognitive function. Although several studies have investigated the effect of tinnitus on cognitive function, debate continues over whether tinnitus is associated with an impact upon working memory, a general reduction of processing speed, a generalized depletion of resources for attention or through impairment of specific subcomponents of attention (Mohamad et al, 2015) .
The purpose of this review was to critically appraise studies investigating the impact of tinnitus upon cognitive function, building on the work of two previous reviews. Andersson and McKenna (2006) in a selective review of 11 studies, concluded that tinnitus was likely to impair cognitive function, tinnitus may impair performance of some cognitive tasks and people with tinnitus may have some cognitive bias. Mohamad and colleagues (Mohamad et al, 2015) reviewed nine studies and considered that tinnitus adversely affects executive attention, but that evidence regarding the impact of working memory and selective attention was mixed. The aim of this study was to facilitate accurate informational counselling, assist effective rehabilitation, and to provide a framework for future research.
Methods
This study followed the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines (Moher et al, 2009 ). The PRISMA guidelines were derived from the PRISMA statement and involve 27 guidelines developed which are used to establish evidence-based standards for both undertaking and reporting systematic reviews and meta-analyses Panic et al, 2013) . The six NHMRC levels of evidence classify how effectively different study designs address the research question and minimize the risk of bias (Coleman et al, 2005) . A descriptive analysis, quality appraisal and review of all included studies was undertaken and presented (Mokkink et al, 2009 ).
Search strategy
A literature search using the keywords (tinnitus) and (cognition OR memory OR attention OR concentration OR cognitive function OR mental activity) NOT (infant OR child OR adolescent OR paediatric OR animal OR balance OR hyperacusis OR implant OR pharmaceutical OR drugs) was undertaken in the PubMed, MEDLINE, CINHAL, EMBASE, and Scopus databases in November 2014. The search terms were deliberately broad and no date restriction was applied. Additional articles were obtained through hand searching the references of studies identified during the initial search.
Selection criteria
Abstracts for all articles identified during the electronic and hand searches were retrieved and reviewed against the inclusion criteria by a single researcher. Studies were excluded if it was apparent from the abstract that they did not meet the inclusion criteria: experimental studies published in English in peer reviewed journals whose primary objective was to assess the impact of tinnitus upon cognitive function in an adult population. The studies had to evaluate cognitive function using a clearly described, repeatable behavioural test, such as validated surveys or established diagnostic tests and include a control group.
Full texts for studies identified were reviewed independently by two of the authors against the inclusion criteria. Both were blinded to the other's recommendations until the process was completed. In the absence of a universally agreed measure of tinnitus, no restrictions were placed on the method of tinnitus evaluation. Any disagreements regarding inclusion or data extraction were discussed and a consensus was established.
Data extraction
Descriptive data extraction was undertaken independently by two blinded authors for the final 18 studies. The descriptive data extracted included the type of study, the National Health and Medical Research Council (NHMRC) levels of evidence (Coleman et al, 2005) , cohort descriptions (including age and gender), tinnitus descriptions, tinnitus distress, audiometric data, cognitive aspect studied, anxiety and depression measures, and the studies' conclusions.
Given the significant heterogeneity between studies in terms of tinnitus descriptions, cognitive tests employed and subject characteristics, a primarily narrative systematic review and analysis was employed.
Results
The database search produced 2236 studies (including duplicates), and a further 14 studies were identified by hand searching. The initial inclusion process yielded 83 unique studies published from 1996 to 2014. Of these, 65 studies were excluded, leaving 18 studies ( Figure 1 ).
All studies in the review were case-control studies with NHMRC Level III (2) (Coleman et al, 2005) .
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Descriptions of cohorts' age
Two studies (Alam et al, 2012; Paul et al, 2014) reported neither the participants' mean ages and/or age ranges.
Ten studies matched their test and control groups for age or the difference was not statistically significant (Andersson et al, 2000 (Andersson et al, , 2009 (Andersson et al, , 2013 Dornhoffer et al, 2006; Rossiter et al, 2006; Stevens et al, 2007; Muluk et al, 2010; Gabr et al, 2011; Heeren et al, 2014; Jackson et al, 2014) . These studies implicated an impact of tinnitus upon cognitive function. A negative impact of tinnitus upon cognition was concluded by the six studies where tinnitus subjects had older mean ages than control subjects (Jacobson et al, 1996; Andersson, 2002; Cuny et al, 2004; Andersson et al, 2005; Delb et al, 2008; Alam et al, 2012) . However, none of these six studies commented on whether the age difference was statistically significant or if age was a confounding variable. Hallam et al (2004) noted a significant age difference between the groups in their study and concluded that the effects of tinnitus upon cognitive function may be subtle. Subject age has the potential to act as a confounding variable and was not well addressed. However, due to the studies' heterogeneity, it is impossible to isolate the impact age upon the results obtained.
Cognition and electrophysiological indices
The 18 studies used 24 different behavioural tests, nine different electrophysiological recordings, and one set of oculomotor tests to assess cognitive function (Table 1) . Heeren et al (2014) employed a test specifically investigating the interaction between different attention networks. Three studies employed predetermined combinations of tests to assess either multiple aspects of cognitive function or the interaction between different networks (Muluk et al, 2010; Gabr et al, 2011; Heeren et al, 2014) . Ten studies used multiple tests to assess different aspects of cognitive function, however, the rationale for the combinations were not clearly described. Only two studies justified their specific choice of test (Gabr et al, 2011; Heeren et al, 2014) . Four studies used event related potential (ERP) recordings (Tables 1 & 2) . Thirteen studies concluded that tinnitus had an impact upon cognitive function, however, only five quantified the degree of impairment: one as small (Cuny et al, 2004) , two as subtle (Hallam et al, 2004; Rossiter et al, 2006) , one as minor (Gabr et al, 2011) , and one as significant (Dornhoffer et al, 2006) . Two studies commented that result variation complicated quantifying the cognitive impact (Andersson et al, 2000; Andersson, 2002) .
Measures of tinnitus and tinnitus description
Fourteen studies used seven different self-report tinnitus assessment scales to measure tinnitus distress. The tinnitus reaction questionnaire (Wilson et al, 1991) was the most frequently used (by five); the tinnitus questionnaire (Hallam, 1996) was used by three, and the subjective tinnitus severity scale (Halford & Anderson, 1991) was used by two studies. Six studies used psychoacoustic measures including tinnitus pitch, loudness, minimum masking levels (MML), uncomfortable loudness levels, and residual inhibition to describe the tinnitus experienced. However, no single psychoacoustic measure was employed by all six studies. Six studies included a measure of tinnitus duration from time of onset (Andersson et al, 2000 (Andersson et al, , 2009 Dornhoffer et al, 2006; Rossiter et al, 2006; Stevens et al, 2007; Heeren et al, 2014) . The incidence of bilateral and unilateral tinnitus, duration of tinnitus exposure, and degree of distress were not routinely recorded.
Influence of anxiety and depression
Thirteen studies included measures of anxiety and/or depression and found a strong association between tinnitus, anxiety, depression, and somatic awareness which may have a confounding influence on cognitive performance (Table 2) . Nine different measures were employed, with the Beck depression inventory (Beck et al, 1961) and the state-trait anxiety inventory (Speilberger et al, 1970) most frequently used at five instances each
Influence of hearing loss
Ten studies reported some audiometric data for their participants (Table 2) , however, control subjects were only tested in Abstracts idenƟfied th rough iniƟal database search (n=2236) Pubmed = 864; Medline = 307; CINHAL = 89; Embase = 689; Scopus = 287
Full arƟcles retrieved and reviewed against inclusion/exclusion criteria N = 83
ArƟcles idenƟfied through hand searching N = 14
ArƟcles excluded N=2167
ArƟcles included for data extracƟon
ArƟcles excluded for failing to meet all Inclusion/exclusion Criteria N = 65
(included paediatric or animal populaƟon = 2; no control group = 7; no Ɵnnitus = 3 nonexperimental study design = 9; no behavioural measure of cogniƟon = 14; drug or surgical intervenƟon = 2; not specific to the interacƟon between Ɵnnitus and cogniƟon = 14; not cogniƟve funcƟon = 14)
Figure 1. PRISMA Flow Chart for the identification of studies included in the systematic review. seven studies. Additionally, self-report of normal hearing or selfcategorization of degree of hearing loss was reported by two studies (Rossiter et al, 2006; Andersson et al, 2009) . Two studies measured hearing thresholds for some but not all of their clinical groups (Hallam et al, 2004; Andersson et al, 2013) . Only Cuny et al (2004) matched their subject and control groups for hearing thresholds and found that tinnitus disturbed attention shifting. Five studies did not report assessing hearing thresholds (Andersson et al, 2000 (Andersson et al, , 2005 Dornhoffer et al, 2006; Heeren et al, 2014; Jackson et al, 2014) . Of the remaining six studies, Gabr et al (2011) failed to discuss the impact of hearing loss on cognition when concluding that the tinnitus group had an overall cognitive impairment, and five did not report assessing hearing thresholds.
Effect of masking
Two studies investigated the impact of masking tinnitus on cognitive function. Andersson (2002) found that tinnitus subjects performed more poorly than control subjects in all conditions. They also found that continuous masking had no impact upon the results whereas intermittent masking negatively impacted both the control and tinnitus subjects. Andersson et al (2009) found no difference in performance between tinnitus and control subjects and no difference between constant and intermittent masking.
Simulated tinnitus
One study used a sound designed to mimic tinnitus to investigate the impact of simulated tinnitus upon cognitive function (Cuny et al, 2004) , reporting that subjects with intrinsic unilateral tinnitus responded with greater accuracy on an oddball paradigm categorization task when the deviant stimuli was presented to their tinnitus ear, compared to their non-tinnitus ear. No difference was noted amongst subjects with simulated tinnitus.
Relationship between tinnitus and cognition
Nine studies implicated negative effects of tinnitus upon attention (Table 1) . Six studies found general/nonspecific cognitive impairment amongst tinnitus groups compared to control groups. Three found no specific difference in cognitive function between tinnitus and control subjects. One study reported that the tinnitus group's mini mental state examination (MMSE) (Folstein et al, 1975) scores were within normal limits but significantly lower than 
Discussion
In clinical settings, reports of cognitive difficulties are common amongst tinnitus sufferers (Andersson et al, 2009; Pierce et al, 2012; Searchfield, 2014) . The present study unveiled a complex and multifaceted relationship between tinnitus and cognitive function. Arriving at a concise conclusion regarding the impact of tinnitus upon cognitive function is complicated by the heterogeneity of the studies undertaken. Additionally, understanding regarding cognitive function and the possible impact of concurrent conditions continues to evolve and both the design and conclusions of the studies in this review reflect that evolution.
Cohort descriptions
Across the studies, tinnitus and control groups were often not matched for age or hearing loss, despite both factors having been reported as impacting cognitive function (Lin et al, 2004 Jorgensen et al, 2014; Dupuis et al, 2015) . Influence from confounding factors such as degree of anxiety, depression, and education levels were also often not well controlled. It is possible that variables other than tinnitus may have contributed to the findings and compromised the conclusions drawn.
Measures of cognition and electrophysiological indices
Several cognitive tests were employed and the variety of tests and study designs may have contributed to the differing conclusions reached. However, the sensitivity of the cognitive tests was poorly accounted for, as was the potential for interaction between neural sub-networks to influence results. Similarly, although, highly varied levels of cognitive difficulties have been reported clinically, the studies examined in this review failed to sufficiently explore these variations and the clinical application of the studies' results is limited (Andersson, 2002; Dornhoffer et al, 2006; Muluk et al, 2010) . Increased use of study designs combining neurophysiological assessments, neuroimaging, and behavioural tests of cognitive function may assist to expand our understanding of how, why, and the extent to which tinnitus impacts attention, cognitive processing, and memory. ERPs provide an objective measure of both voluntary selective attention and involuntary attention and are less subject to subjective influences such as mood and memory than behavioural tests (Jacobson et al, 1996; Cuny et al, 2004) . In several studies ERP results supported the behavioural cognitive tests, showing that tinnitus adversely affects auditory attention (Jacobson et al, 1996; Delb et al, 2008; Paul et al, 2014) . However, one study found that although the delayed mean P300 latency of the tinnitus subjects supported a finding of impaired cognitive function, the behavioural findings of the cognition screening scores were within normal limits (Gabr et al, 2011) .
Determining which cognitive function tests are most suitable for testing which aspects of cognitive function, quantify the degree of impact, and are least influenced by the accompanying sensory impairments or medical issues is challenging (Andersson, 2002; Gates et al, 2010; Dupuis et al, 2015) .
Measures of tinnitus and tinnitus descriptions
Significant variation was also noted in the methods used to describe and measure tinnitus. Gabr et al, (2011) neither described nor measured the tinnitus experienced, whereas, Andersson et al (2000) and Paul et al (2014) provided extensive tinnitus descriptions and used validated self-report tinnitus distress scales. Such variation creates difficulties when comparing studies or formulating a global conclusion regarding whether tinnitus distress or duration impacts the relationship between tinnitus and cognitive function.
Influence of anxiety and depression
Both anxiety and depression negatively influence information processing (Broadbent et al, 1986; Andersson et al, 2005) . Anxiety disorders produce a cognitive bias during the early stages 
of information processing, whilst depression influences the later stages of information processing (Broadbent et al, 1986; Andersson et al, 2005; Stevens et al, 2007) . Studies which have not screened for anxiety or depression may incorrectly ascribe cognitive difficulties to tinnitus. Stevens et al (2007) noted that people with invasive tinnitus tend to be high 'self-attenders', more predisposed to attending to somatic or internal sensations, beliefs and thoughts. Subsequently they may have heightened sensitivity to cognitive failings and more predisposed to remember and report each perceived failing due to cognitive bias (Hallam et al, 2004; Delb et al, 2008; Andersson et al, 2013) .
Influence of hearing loss
Hearing loss was not well accounted for by the studies reviewed despite the known strong associations between tinnitus and hearing loss, and impact of hearing loss upon cognitive function (Rabbitt, 1991; Cuny et al, 2004; Tun et al, 2009; Baldwin & Ash, 2011; Dupuis, et al, 2015) . A hearing loss of 25 dB is suggested to have the equivalent effect on cognitive function as ageing seven years . Additionally, people with hearing loss will wait an average of ten years before seeking treatment for their hearing loss; this may exacerbate the cognitive difficulties of a person with both hearing loss and invasive tinnitus (Davis et al, 2007) . When hearing levels are not quantified or when hearing levels are not matched it becomes difficult to determine whether the cognitive effects noted are attributable to tinnitus or hearing loss (Rabbitt, 1991; Andersson et al, 2000; Dupuis et al, 2015) .
Effect of masking
Andersson (2002) and Andersson et al (2009) both investigated the impact of masking tinnitus on cognitive function and reached differing conclusions. Andersson et al (2002) found that intermittent masking disrupted cognitive function in both the control and tinnitus subjects and also that the tinnitus subjects performed more poorly in general. However, Andersson et al (2009) found no influence of continuous or intermittent masking upon a task of serial recall in either tinnitus or control subjects and no behaviourally measurable difference between the two groups. The results of these studies may influence treatment recommendations because masking is commonly used therapeutically for tinnitus. The issue of masking also raises a possible relationship between tinnitus and central auditory processing difficulties and the potential for an adverse influence upon tests of cognitive function (Searchfield et al, 2007; Gates et al, 2010) .
Simulated tinnitus
Differences in how individuals respond to intrinsic tinnitus compared to external simulated tinnitus was highlighted by Cuny et al (2004) who showed that continuous simulated tinnitus failed to invoke the same automatic attention capture and direction effects as intrinsic tinnitus. Dornhoffer et al (2006) suggested that the different habituation responses noted in tinnitus patients to externally generated sounds compared to tinnitus may be associated with corresponding differences in thalamo-cortical activation. External sounds invoke bilateral activation whereas intrinsic tinnitus invokes a predominantly unilateral activation. This asymmetrical activation may contribute to disturbances in sustained attention and explain why some people habituate to external noises but not intrinsic tinnitus (Dornhoffer et al, 2006) .
Relationship between tinnitus and cognition
Understanding of cognitive function, the various elements of cognitive function, the interrelationships between them, and how to test them and interpret results continues to evolve (Dupuis et al, 2015) . Accordingly, differences between the earlier and recent studies reflect this development with conclusions and interpretations progressing from general to specific. Many earlier studies such as Jacobson et al (1996) and Andersson et al (2000) found general and nonspecific cognitive impairment in tinnitus subjects compared to healthy controls. More recent studies implicated an impact upon the executive control of attention with levels of anxiety, depression, and somatic sensitivity responsible for much variability (Dornhoffer et al, 2006; Andersson et al, 2013; Heeren et al, 2014; Jackson et al, 2014) . This suggests that people with invasive tinnitus have trouble with allocation of attentional resources and resolving conflict between responses. However, the quantifiable impact may be minor or subtle (Rossiter et al, 2006; Gabr et al, 2011) . As such when tasks are demanding or challenging, a person with invasive tinnitus may perform well and only experience difficulties when tasks are less demanding.
Clinical implications
The relationship between impaired cognitive function, tinnitus, anxiety and depression, and hearing loss were supported by the findings of the studies in this review and have implications for the successful management of people with invasive tinnitus (Gabr et al, 2011) . Both depression and anxiety have a compounding effect on poor quality of life, health, mood, and cognitive flexibility which may in turn compromise individuals' ability to comply with recommended management strategies (Gabr et al, 2011) . Jackson et al (2014) recognized the negative effects of anxiety on cognitive function in those experiencing tinnitus, and recommended reducing anxiety to improve cognitive performance.
Treatment programs incorporating factual informational counselling (Tunkel et al, 2014) and attention training (Searchfield et al, 2007; Delb et al, 2008; Heeren et al, 2014) have been shown to reduce tinnitus distress and perceived cognitive difficulties. Informational counselling and cognitive behavioural therapy should be tailored to each patient's specific concerns and encompass executive control of attention as well as the additive effect of anxiety, depression, and hearing loss (Tyler & Baker, 1983; McKenna et al, 1995; Muluk et al, 2010; Tunkel et al, 2014) . Given the strong association between tinnitus and hearing loss and the impact of hearing loss upon cognitive function, counselling should encourage patients with both tinnitus and hearing loss to pursue hearing loss management. Cognitive behavioural therapy and mindfulness can be used to assist people with invasive tinnitus direct their attention away from their tinnitus (Heeren et al, 2014; Hoare et al, 2014) . Targeted attention training can specifically improve aspects of attention (Searchfield et al, 2007; Heeren et al, 2014; Hoare et al, 2014) .
Incorporating a cognitive screening test into the assessment for those people with invasive tinnitus reporting cognitive difficulties may be beneficial by either confirming the difficulties reported or allaying their concerns and providing a benchmark for future improvements. Using a cognitive screening test that is sensitive to the impact of tinnitus, such as the trail making test (Reitan, 1958) would allow clinicians to validate their patients' reported difficulties as well as track any changes in perceived cognitive difficulties and tinnitus distress over the course of treatment (Sweet et al, 2011; Dupuis et al, 2015) .
Limitations and directions for future study
Although a rigorous search strategy was employed, this review specifically excluded studies not published in English. The findings of this study were confounded by the lack of clear reporting of tinnitus descriptions, duration control group matching for hearing loss, anxiety, and depression.
Subsequently, it is recommended that future studies draw from the experience of the field of cognitive psychology, especially from studies investigating emotional disorders such as chronic pain and anxiety where attentional biases can impact upon cognition (Andersson et al, 2005) , and from studies exploring the relationship between hearing loss and cognition (Taljaard et al, 2016) . Future studies exploring the relationship between tinnitus and cognition need to employ strategies that evaluate cognitive function, and control for, or account for, confounding variables. It is suggested that studies focusing on the impact of tinnitus on cognitive function should: (1) Employ standardized neurocognitive tests both verbal and non-verbal that evaluate multiple cognitive domains and include tests for attention and executive processing, (2) Use a thorough standardized approach to tinnitus assessment in terms of description and evaluation including type, duration, and location, distress levels at time of testing, and psychoacoustic measures, (3) Control for the impact of potentially confounding comorbid medical conditions such as depression, anxiety age, and somatic sensitivity, (4) Reduce potential impact from sensory impairment by ensuring subjects have access to both visual and auditory test stimuli (Dupuis et al, 2015) , and (5) Reduce the potential for impact from environmental factors by ensuring that test conditions are well-described and that testing is undertaken in well-lit, quiet conditions where potential distractions are minimal (Dupuis et al, 2015) .
Conclusion
The significant heterogeneity of study designs, cognitive tests, subject characteristics, and management of covariables in the 18 studies reviewed makes it difficult to compare and contrast the studies directly. Accumulatively, evidence suggests that the cognitive difficulties reported by people with invasive tinnitus relate to an impact of tinnitus upon the executive control of attention. The studies also highlight the reciprocal relationship between cognitive function and tinnitus with the potential for concomitant problems such as depression, anxiety, somatic sensitivity, and hearing loss to compound the cognitive difficulties noted. This review highlights the need to further explore contributions from hearing loss, age, anxiety, and depression. It also highlights the need to explore effective management strategies.
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